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ABSTRACT 
 
Olfaction, the sense of smell is an old sensory modality; in fact the whole 
olfactory system belongs to a phylogenetically old part of the neuraxis,  the 
paleocortex. (1)  It is one of the two chemical senses, the other being taste.  
Here the odorant is dissolved in the mucous layer covering the 
neuroepithelium and transported across the cell membrane to generate an 
action potential and a nerve impulse is initiated.  This nerve impulse through 
the complex circuits of the olfactory cortex and diencephalic connections is 
perceived at cortical level as a smell sensation of a specific odorant.  
Pleasant or repelant is a subjective subsequent feeling which will determine 
the animal’s response and of course reaction. 
In submammalian vertebrates, animals odorant detection represents a crucial 
tool for exploration of the environment with  the opinion of finding food, 
water, shelter and of course a mate, while on the other hand the avoidance of 
nonfavourable conditions in the environment especially enemies is needed 
for survival. 
In mammals this sense is enforced and behavioral functions are added to that 
including emotion. (2) Only 5% of the mucus membrane of the nasal cavity 
sub-serves the function of smell. (3)The rest of  the respiratory epithelium 
helps trap foreign bodies and clears them downwards into the 
gastrointestinal tract to be denatured by the stomach acid or otherwise 
cleared outwards every time one blows his nose or clears his throat. 
The size of the epithelium is a good indicator of the acuity of smell e.g., the 
surface area of  the neuroepithlium of humans is 10 square cm, that of dogs 
is 170 square cm, not only that but dogs have 100 times more receptors per 
square centimetre than humans no wonder dogs have a much better sense of 
smell (4) . 
The olfactory nerve CN1, is unique in belonging to the paleocortex, an old 
part of the neuraxis, lying in a peripheral position in the nasal mucus 
membrane and yet extending an axon to innervate olfactory cortex directly 
without relay station, last but not least it is the only cranial nerve which 
undergoes continuous cell renewal during programmed cell death or 
apoptosis and after injury or cell necrosis from staminal progenitor elements 
in the base of the neuroepithelium.  The life span of olfactory sensory 
neurons is estimated to be 30-40 days. (5) 
This work inquires into these unique properties of the olfactory system, 
details structures of the peripheral neuroepithelium and central connections 
and elucidate future prospectus for research work in this field. 
Literature review 
NORMAL GROSS ANATOMY AND MICROSCOPIC 
STRUCTURE OF THE OLFACTORY SYSTEM. 
The olfactory epithelium is confined to an area bounded by 
the superior nasal concha and the nasal septum. It is 
peculiar in being thicker than the rest of the nasal 
epithelium, having a yellowish-brown colour due to the 
presence of the olfactory pigment compared to the pink 
colour of the respiratory epithelium, having Bowman’s 
gland, and also having cilia which do not beat rhythmically 
like those of the respiratory epithelium i. e. stereocilia .(6)  
 
 
 
 
 
 
Figure 1: Peripheral Olfactory Structures. 
 
Figure 2 
Cortical Olfactory Areas in the human brain. 
 
Recognition of the chemosensory property of the olfactory 
mucosa dates back to the macroscopic observations of early 
anatomists, (7). Gasser, demonstrated the olfactory nerves8)  
and subsequently Scarpa, showed that the fine branches of 
the fila olfactoria were actually ending in the olfactory 
region. (9) The histological structure of the olfactory mucosa 
was first described by Schultze   , and Crause (10) ,(11). These 
early studies revealed that the olfactory mucosa in 
vertebrates is composed of three cellular components: 
supporting cells, basal cells, and receptor cells.  The first 
comprehensive analysis of the nasal mucous membrane of 
all classes of vertebrates was made by Schultze  (10) . He 
was the first to claim that the olfactory cells were the only 
percipient elements for the sense of smell. However the 
postulated continuity between the nerve fibers and the 
receptors was demonstrated after the discovery by Cajal (12) , 
of nerve staining methods which provided this evidence. 
Observations from these workers clearly showed that 
olfactory nerves originate from the olfactory receptors and 
terminate in the olfactory bulb without collaterals. 
The olfactory epithelium comprises; (a) a columnar, 
pseudo-stratified epithelium, also called neuro-epithelium 
as it contains the olfactory sensory neurons; (b) a basal 
lamina; (c) the lamina propria mucosae which directly 
adheres to the underlying bony or cartilaginous tissue 
without a discrete sub-mucosa layer. Tubulo-alveolar 
glands called Bowman’s glands with their alveoli lying in 
the lamina propria and have their ducts opening at the 
epithelial surface are present in the olfactory area of all 
vertebrates except fish (13). The olfactory epithelium is 
thicker than the surrounding respiratory epithelium. Its 
thickness varies from 30 micron to 150 microns. The nuclei 
of the three cellular components are discretely arranged at 
separate levels which gives a false impression of 
stratification. The epithelial surface is normally covered by 
a layer of mucus 10-40 micron thick in which receptors, 
cilia, and the microvilli of the supporting cells are all 
embedded. A continuous basal lamina underlines the 
epithelium i.e. continuous with the lamina enveloping the 
Schwann-Iike glial sheath cells of the nerve bundles and 
Bowman’s glands. The thickness of this lamina is 0.1-0.2 
micron and, while it is usually observed in EM 
preparations, histological sections often fail to demonstrate 
it. The lamina propria mucosae  consists of loose 
connective tissue which contains the alveoli of the 
Bowman’s glands, the fila olfactoria, and blood vessels. 
The trigeminal somatosensory system (CN V) receptors are 
also present in the neuroepithelium. The ophthalmic and 
maxillary divisions of the trigeminal nerve innervate the 
nasal cavity.   They mediate via both chemical and non-
chemical stimuli, somatosensory sensations(e.g. irritation, 
burning and tickling) which induces mucous secretion and 
reflex movement of the head and cessation of inhalation in 
response to offensive odors. One function sub served by 
these fibers appears to be protective: intense odors or 
sensory nerve stimulation from the nasal mucosa results in 
rapid reflex head movement away from the stimulus and, 
also (via autonomic pathways) increased mucous secretion, 
in order to wash out the offending odor to prevent damage 
to the nasal and pulmonary passages. However a number of 
studies have indicated that the fifth nerve plays a role in 
normal chemoreception and is responsive to a wide range 
of odorants in lower concentrations (6) . 
The septal organ (of Masera) is a small patch or island of 
neuroepithelial tissue formed of ciliated bipolar receptor 
cells embedded in the respiratory epithelium of the nasal 
septum anterior to the olfactory mucosa (14) . The receptors 
project to the main olfactory bulb and convey  stimuli 
similar to those of CN1.  It is electrophysiologically 
responsive to the same set of stimuli as cranial nerve 1 (15). 
The nervus terminalis (also known as the 0th  cranial nerve) 
appears throughout the vertebrate series, and originates 
from the olfactory placode (16) .  It is formed of a loose 
plexus of nerve fibers with remarkable ganglionated nodal 
intervals which ramify in the neuroepithelium on their way 
to the cribriform plate of the ethimoid bone .  The nerve 
fibers collect into three or four rootlets and traverse the 
cribriform plate of the ethimoid bone medial to the 
olfactory nerve fibers to end in the forebrain caudal to the 
olfactory bulbs medial sides. The high content of 
gonadotrophin-releasing hormone(GnRH) suggest an 
endocrine role and is supported by the result of diminished 
mating behavior  that occurs in male hamsters and 
facilitated tactile-induced lordosis of female hamsters 
following severance of the central rootlets (17) .  Oestrogen 
plays a regulatory mechanism in the GnRH content of 
nervus terminalis (18) . 
The vomeronasal organ (organ of Jacobson) develops from 
the nasal placode. Adult vomeronasal organ receptor 
cells(VNO), are elongated tubelike structures located at the 
base of the nasal septum (19) .  It is also known as accessory 
olfactory system, and appears to be continuously 
regenerating throughout life (20) . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 3: Regio Olfactoria, olfactory region 
Inset magnified in lower diagram. 
The olfactory region consists of cilia projecting down out 
of the olfactory neurons, OLFACTORY SENSORY 
NEURON, (OSN) in the epithelium.  These cells are 
bathed  into a layer of mucous which is about 60 microns 
thick. This mucous layer is a lipid-rich mucopolysaccharide  
(glycolipid) secretion that covers the surface of the 
receptors at the free epithelial border. The mucous layer is 
produced by the Bowman’s glands which reside in the 
muscularis mucosae of the olfactory neuroepithelium. The 
mucous lipids assist in dissolving and transporting the 
odorant molecules across the cilia plasma membrane as 
only volatile materials that are soluble in the mucous can 
interact with the olfactory receptors and produce the signals 
that our brain interprets as odor. Each olfactory receptor 
neuron has 8-20 cilia that are whip-like extensions 30-200 
microns in length. The olfactory cilia plasma membrane is 
the site where molecular reaction with the odorant occurs 
and sensory transduction (i.e., signal production and 
transmission) starts. 
The olfactory epithelium is comprised of at least six 
morphologically and biochemically distinct cell types (1) , 
although additional classes of less well-defined microvilli-
containing cells have been noted prenatally (2) and 
postnatally  (2) . The first cell type, the bipolar sensory 
receptor neuron, extends odorant receptor containing cilia 
into the mucus. The axons of these cells, in aggregate, 
constitute CN I. In most vertebrates, including humans, the 
number of receptor cells exceeds that of any other sensory 
system except vision. Collectively, the surface area of the 
cilia is quite large, being estimated as exceeding, for 
example, 22 square centimeters in the human (6) and 7 
square meters (not cm!) in the German shepherd dog (21) . 
The second cell type is the supporting or sustentacular cell. 
These cells, which have microvilli rather than cilia, insulate 
the bipolar receptor cells from one another and may help 
regulate the composition of the mucus. They also likely 
deactivate odorants, as well as help to protect the 
epithelium from damage caused by foreign agents. The 
supporting cells contain xenobiotic-metabolizing enzymes 
(e.g. cytochrome P-450), a feature shared with the acinar 
and duct cells of Bowman’s glands, the major source of 
mucus in the olfactory epithelium. The third cell type is the 
poorly understood microvillar cell located at the surface of 
the epithelium. Microvillar cells, which look similar to the 
so-called brush cells found throughout the upper and lower 
airways of many species, extend axon-like processes to the 
olfactory bulb and, like the supporting cells, have microvilli 
at their apical surfaces. In the human, microvillar cells 
occur in about a ratio of 1:10 with the bipolar receptor 
cells. A chemosensory function of these cells has yet to be 
demonstrated.  The fourth cell type is the cell that lines the 
Bowman’s glands and ducts, whereas the fifth and sixth 
cell types are the globose (light) basal cell and horizontal 
(dark) basal cell— which are located near the basement 
membrane from which most of the other cell types arise. 
Recent data suggest that, under conditions of marked 
damage to the olfactory epithelium, the same type of basal 
cell, most likely a globose cell, seems to have the potential 
for giving rise to neurons and non-neural cells, including 
the horizontal (dark) basal cells, implying a multipotency in 
stem cells not previously recognized (22) . 
 DEVELOPMENT OF THE OLFACTORY 
EPITHELIUM.  
The olfactory epithelium develops from the olfactory 
placode, which is a thick plate of rostoral ectoderm, derived 
from the ‘primitive placodal thickening’ which arises very 
early during embryonic neurogenesis, indeed, concurrently 
with the formation of the neural tube. At the time of 
formation of the plate three cytologically separable 
formations are identifiable. In the centre are many layers of 
columnar cells making up the neural plate ectoderm. On 
either side lies a column of presumptive neural crest cells, 
characterized as ‘loosely arranged polyhedral cells’. The 
crest cells do not extend around the anterior end of the 
developing neural plate. Flanking the neural crest and 
covering the anterior end of the neural plate is the primitive 
placodal thickening, a pseudo-stratified epithelium with an 
outer layer of non-neural ectoderm and an inner layer of 
neural ectoderm. The folding of the neural plate into the 
neural groove results in a thinning of the ectoderm along 
the lateral border of the plate. This results in the 
dissociation of the developing nervous system, including 
the neural crest, from the primitive placode. The placodal 
band then undergoes segmentation into a number of 
regional placodes, including those associated with many of 
the cranial nerves (e. g. trigeminal, acoustic, vagus), the 
lateral line, and an anterior “sense plate”. The latter arises 
from the portion of the placode which, lines the anterior 
end of the neural plate, and differentiates into the paired 
olfactory placodes. Evidence against the neural induction of 
the olfactory mucosa is derived from observations that the 
primitive placode arises along with the neural plate, and 
appears to be determined concurrently (23) , demonstrated 
the deep layer of ectoderm was the most important in the 
formation of the olfactory neuro-epithelium by dissociating 
the two placodal layers and separately transplanting them to 
many parts of the developing body regions. 
The development of the olfactory mucosa in different 
species of vertebrates shows considerable agreement in the 
basic patterns of ontogenesis. (24) studied the development of 
the olfactory mucosa of the mouse using both light and 
electron microscopic techniques. They divided the early 
maturation phase into 5 arbitrary periods. The initial stage 
is that of stem cell proliferation within the olfactory 
placode. The second stage begins with formation of axonal 
process, marking the initial differentiation of receptor cells. 
The third stage is the development of receptor dendrites. 
Functional receptor differentiation and maturation of the 
cilia marks the fourth stage. The final stage of mucosal 
development is the differentiation of the supporting 
elements. Mitotic figures are first seen in the apical part of 
the epithelium but gradually extend to deeper parts and 
continue throughout life in adults. 
The development of the olfactory mucosa has also been 
studied using immunohistochemical techniques by several 
investigators (23) . 
A number of substances appear to be unique in the 
olfactory system. 
A large number of G-proteins have been found in the 
olfactory epithelium (24) . The G-s like G protein, G-olf, 
which has been cloned and is found in great abundance in 
the receptor cells (as well as in other neurons), stimulates 
adenylyl cyclase (AC) and both molecules (G-olf and AC) 
have been localised to the olfactory sensory cilia. 
Glutamate, has been found to be associated the olfactory 
nerve, and is thought to be a neurotransmitter (25) . An acidic, 
low molecular weight protein has been found which 
appears to be specific to the olfactory and vomeronasal 
receptor cells, their dendrites and axonal processes. This,  
OLFACTORY MARKER PROTEIN, (OMP) has been 
characterized, (26) and used for immunohistochemical, (27) , 
developmental, (28) , and adult, , (29) studies of olfactory 
structures. 
ULTRASTRUCTURE OF OLFACTORY MUCOSA: 
Detailed description of structure correlated with function of 
histological components is given below, however it must be 
emphasized that the neuroepithelium is a functional unit. 
1-THE OLFACTORY SENSORY NEURON 
(OLFACTORY RECEPTOR:( (OSN) 
The olfactory sensory neuron is a typical primary sensory 
neuron, bipolar, located in the epithelium with its vesicle 
protruding free to mucus-cell interface and the axon 
crossing the basal lamina on its way to the olfactory bulb. 
The receptor is pleomorphic in shape, but has a general 
flask-Iike appearance. While its length is directly 
proportional to epithelial thickness, the diameter of its 
processes remains constant. The vesicle is provided with 
cilia, has a diameter of 2- 3 microns, that of dendrite is 1-2, 
and that cell body of 5-8 microns. The axon is always 
unmyelinated but soon attains a diameter of 0.2-0.3 
microns 
 
 
 
 
 
Figure 4 
Topgraphical relations between cellular components 
 
microns. Olfactory receptors are polymorphic, and at 
electron microscopy it is common to find receptors in the 
same species varying in shape and content of organelles as 
well as the general density of the cytoplasm.  Various 
workers, (30) have suggested that these differences may 
represent steps in the maturation of receptors. He  
described, a special blastema cells that he considered to be 
precursors of regenerating neurons. Recent observations 
with auto-radiographic techniques have provided positive 
evidence that olfactory sensory neurons are continuously 
replaced in adult vertebrates from staminal elements, 
previously described as basal cells. (31) 
1-1 THE OLFACTORY VESICLE. 
The olfactory vesicle, the bare portion of the dendrite, is 
consistently provided with cilia, and usually but not always 
protrude from the epithelial surface. In many species it has 
cilia and microvilli. The protruding distal portion of the 
supporting cells sometimes hide the protruding vesicle. The 
olfactory vesicle membrane is continuous with the 
membrane outlining cilia and microvilli.  Vesiculated 
profiles show on the surface of the vesicle membrane 
which are the expression of pinocytic activity, (32) . 
 
Within the vesicle sparse mitochondria and neuro-tubules 
200A in diameter are constantly observed. Basal bodies 
with rootlets are also constant organelles in the vesicle. The 
supporting cells surround the olfactory neurons and 
produce constricted zones between the vesicle and the 
dendrite. This is the level at which junctional complexes 
between neurons and the supporting cell membranes occur. 
This is characterized by the sequences of zonula occludens, 
zonula adherens, and macula adherens as described in other 
vertebrate epithelia. The zonula occludens, appears parallel 
to the epithelial surface, and is continuous around the neck 
of the receptor and provides a morphological sealing device 
between the environment and the epithelial intercellular 
space. Supporting cells do not always isolate neurons. 
1-2 The dendritic Process . 
The dendritic process or the olfactory rod, has a diameter of 
1-2 microns and its length depends on the location of the 
perikaryon in the epithelium. The external outline is 
cylindrical or bottle-shaped. Projections or olfactory rods 
protrude from the main shaft and establish direct contact 
with neighbouring receptors (33) . Mitochondria and neuro-
tubules longitudinally arranged, consistently fill the 
olfactory rod. The cytoplasm shows variable overall 
density. 
 
1-3 The Receptor cell body. 
Receptor cell bodies are located in a rather homogeneous 
band occupying the medium third in the height of the 
epithelium. They lie in the cell body region in direct 
membrane to membrane contact, without intervening 
supporting cells but no continuity whatsoever . As seen in 
EM sections, the nucleus is large 4-6 microns in diameter 
occupying most of the cell body area. A thin layer of 
cytoplasm is seen between the nucleus and the cell 
membrane, the remainder of the cytoplasm accumulates at 
the distal pole of the cell. In the supra-nuclear region there 
is a prominent Golgi apparatus and ER of both the smooth 
and rough types. At times the rough ER is arranged in 
orderly lamellae resembling the Nissl bodies of the CNS 
neurons. Rosettes-like aggregates of free ribosomes are 
present in the perikaryon. Mitochondria and tubules are 
sparse. The axon originates at the base and course through 
shallow invaginations of the supporting or basal cells. 
Organelles inside the axon are essentially neuro-tubules 
and sparse mitochondria. 
In the fila olfactoria immediately below the basal lamina, 
where they are enwrapped by Schwann-Iike glia cell 
cytoplasm, they can be seen running singularly or in small 
units in pockets of the glia sheath cells. In the lamina 
propria they are frequently observed in large numbers in 
the range of several hundreds, running in reciprocal close 
contact in single pockets of cytoplasm. 
1-4 Cilia. 
All cilia show the typical general 9+2 of filaments. They 
vary in length, and in number between 10-15 per receptor.  
They are static cilia.   They are persistently described as a 
morphological entity of olfactory neurons, but their role in 
the mechanism of olfaction was not known in the past. We 
now know that the transduction mechanism for odour 
detection begins in the surface of these cilia.  The specific 
G-protein present in the cilia of the olfactory rods is made 
available to the odorant dissolved in the mucus membrane 
covering the epithelial surface (34) .  They obviously increase 
the surface area of the olfactory mucosa, and on this wide 
surface area odorant are first dissolved into the liquid 
environment provided by the Bowmann’s glands and then a 
complex process occurs which is detailed below under the 
title mechanism of transduction. 
The cilia of the bipolar receptor cells, which differ from the 
cilia of the cells making up the respiratory epithelium in 
being much longer and lacking dynein arms (hence, 
intrinsic motility), contain the seven domain 
transmembrane receptors that interact with incoming 
odorants. In some cases, the transport of odorants through 
the mucus to the cilia is aided by transporting molecules 
termed odorant binding proteins (the G-olf). In situ 
hybridization studies with probes to putative odor receptors 
of rats and mice suggest the receptors are topographically 
organized, in these species, into four striplike zones within 
the olfactory epithelium that roughly parallel the dorsal-
vental axis of the cribriform plate (35) . Approximately 1000 
putative odorant receptors are believed to exist, reflecting 
the expression of the largest known vertebrate gene 
family—a gene family that accounts for ~1% of all 
expressed genes (36) . In general, putative receptors of a 
given type are confined to one of the four zones. Some 
investigators (2) , employing scanning electron microscopy, 
have recently shown a possible morphological correlate to 
these zones—by embryonic day 16, the posterior regions 
(roughly corresponding to zones 1 and 2) have much higher 
receptor cell knob densities than the more anterior regions 
(corresponding to zones 3 and 4). Furthermore, the 
supporting cell microvilli are longer in region 1 than in 
region 2, and the tops of cells adjacent to the receptor cells 
are flatter in regions 1 and 2 than in regions 3 and 4. 
Regions 3 and 4 also have glandular openings and scattered 
microvillous cells that resemble hair cells of the inner ear. 
1-5 The Basal Bodies . 
Basal bodies related to each cilium of the olfactory neurons 
are provided with basal feet. These basal bodies are 
multiple and not oriented, unlike other motile cilia. Recent 
observations seem to confirm asynchronous beat in these 
appendages. 
 
 
2-Supporting Cells: 
These are columnar epithelial cells, extending vertically 
from the epithelial surface, where they show a series of 
irregular microvilli to the basal lamina which they reach 
with branched digitiform processes. Microvilli are present, 
the number and length of which are variable. The nuclei of 
these cells are arranged in a discrete band in the 
epithelium.They are elongate in shape, and have denser 
chromatin material. Since these cells are actively secreting 
they vary in shape within the same animal which represent 
various stages in functional secretory activity. The most 
prominent feature of the supporting cells is ER, both the 
smooth and rough types with profiles arranged in orderly 
circular lamellae. Granules of varying size and electron 
density are seen at times filling the whole of the distal pole 
of the cell. Stimulation of secretion leads to emptying of 
cells of granules in which case the ER fill the cell outline. 
Supporting cells which contact neighbouring cells or 
receptor neurons do so with specialized arrangement. Near 
the epithelial surface tight junctions form belt-like 
structures around cells. Below this desmosomes are 
scattered around the cell and its neighbouring neurons. 
Tight junctions are present as junctional complexes. 
3-BASAL CELLS: 
These are prismatic cells, located close to the epithelial 
surface of basal lamina and arranged between the basal 
processes of the supporting cells. They show morphological 
variations in different species and within the same animal. 
There are the Globose(light), basal cell type and the 
horizontal (dark) ones.  Their organelles show considerable 
variations. Cajal compared them to undifferentiated basal 
cells of pseudo-stratified epithelia. They do show tono-
filaments in their cytoplasm.  Various workers have 
provided evidence for staminal  elements in these basal 
cells usually the globose (light) type from which olfactory 
sensory neurons are continuously produced either during 
normal cell turnover (apoptosis) or after cell injury, 
Moulton .(21)  Dynamics of cell populations in this layer of 
the olfactory neuroepithelium has shown mitotic figures in 
this category of cells.  Graziadei , (37) , recognized them as 
stem or progenitor cells for the replacement of neurons. 
The basal lamina recognized in all epithelia, lines the 
olfactory epithelium, and when the fila olfactoria and 
Bowmann’s gland ducts emerge from it, this epithelial 
lamina is continuous with the one lining these structures. It 
is usually thin 0.1 micron and rests on a loose connective 
tissue of the lamina propria mucosae. This explains why 
classical histologists failed to demonstrate it in routine 
sections. 
4- OLFACTORY AXONS. 
Olfactory axons run for a short distance inside the 
epithelium and leave it in small bundles of a few tens of 
nerve fascicle units; after crossing the basal lamina the 
bundles are enwrapped by Schwann-like cells. They 
initially run either singularly or in small groups in sheath 
pockets. Before leaving the lamina propria they emerge in 
large fascicles each one contained in a single pocket of en-
sheathing cell cytoplasmic tongues. These fascicles may 
contain hundreds of small axons each of the diameter of 0.2 
micron. The fila olfactoria and the roots of the olfactory 
nerve are homogenous containing only olfactory axons. 
Myelinated fibres are observed in the lamina propria 
mucosae, and these belong to the ophthalmic and maxillary 
divisions of the trigeminal nerve. 
5-BOWMANN’S GLANDS. 
They are tubuIo-alveolar glands localized in the lamina 
propria and their ducts open in the epithelial surface. These 
secreting glandular elements undergo continuous changes, 
Graziadei (38) abundant ER and mitochondria reflect strong 
secretory activity in them. The behaviour of their secretory 
granules in solution which react positively to PAS and 
other specific muco-polysaccharide tests strongly indicate 
the content of mucus of these glands of the  
neuroepithelium. 
OLFACTORY NERVE . 
The olfactory axons run for a short distance inside the 
epithelium and leave it in small bundles containing up to 10 
axons; after crossing the basal lamina these bundles are 
enwrapped by Schwann-like glial cells. They initially run 
either singularly or in small groups in pockets of the sheath 
cell cytoplasm. On leaving the lamina propria they emerge 
in large fascicles each one contained in a single pocket of 
en-sheathing cell cytoplasmic tongue. These fascicles may 
contain hundreds of small axons each of the diameter of 0.2 
micron. The fila olfactoria and the roots of the olfactory 
nerve are homogenous containing only olfactory axon. 
In the human, the axons of the ~6 million bipolar receptor 
cells coalesce into 30-40 fascicles, termed the olfactory fila, 
which are formed by ensheating glia. The fila traverse the 
cribriform plate and pia matter, and the axons make direct 
connections within the olfactory bulb glomeruli,.(39) It is 
now believed that the neurotransmitter of the receptor cells 
is glutamate (27) , although the olfactory bulb itself contains 
a remarkable number of neurotransmitters. In situ 
hyridization studies have shown that, in the rat and mouse, 
neurons expressing a given receptor type typically project 
their axons to one or, at most, two glomeruli—spherical 
structures within the outer margins of the olfactory bulb (41) . 
This implies that a given odorant activates a spatially 
defined or restricted set of glomeruli and that the olfactory 
code is reflected, at this early stage, not only as different 
patterns across the mucosa (40) , but across the glomeruli as 
well (41)  i. e. spatiotemporal organization of the sensory 
input. 
The axons of the major second-order neurons—the mitral 
and tufted cells—come under considerable modulation via 
inhibitory processes within the bulb, resulting in the 
sharpening or altering of the neural information at this 
level. The mitral and tufted cells project directly to the 
primary olfactory cortex without synapsing with the 
thalamus. Although commonly divided into “lateral” and 
“medial” olfactory tracts in textbooks of anatomy, there is 
no medial tract in primates42. They enter the cranial cavity 
through fenestrations in the cribriform plate of the ethimoid 
bone to arborize with  dendrites of mitral, tufted  and 
periglomerular cells in the glomeruli of the olfactory bulb. 
The olfactory axons are endowed with the ability to 
regenerate and reconstitute connections during normal cell 
turnover and after cellular injury.  In fact their life span is 
of the order of 30-40 days (5) . They have the property once 
in contact with CNS to form glomeruli even in ectopic 
areas where glomeruli are never formed, like the frontal 
lobe of the cerebral hemisphere. The olfactory nerves are 
structurally unusual. The unmyelinated axons of the 
sensory neurons are of extremely small diameter (circa 0.2 
micron). The glial cells of the olfactory axons bear special 
relation to the nerve fibres (43) . Unlike Schwann cells of 
other unmyelinated peripheral nerves, the olfactory nerve 
Schwann cells (ONSC) do not en-sheath individual axons, 
instead they send tongues of cytoplasmic extensions which 
branch between axons separating them into bundles each 
containing many axons packed together in close contact. 
There is no basement membrane to surround the (ONSC), 
and there is no collagen within the nerve fascicles (44) . As 
such these (ONSC) are atypical of Schwann cells of other 
peripheral nerves. They bear more resemblance to CNS 
astrocytes and glial cells of the myenteric plexus. The 
(ONSC) contain a cytoplasmic antigen which cross-react 
with two different anti-sera to human glial fibrillary acidic 
protein (GFAP) and with antiserum to the 49KD protein 
from purified human brain. They also express the cross-
reaction in vitero. The above-mentioned anti-sera in CNS 
stain only cells known to contain GFAP: i.e. astrocytes, 
Bergmann glia, and tanycytes  as well as retinal Muller 
cells,  pituicytes and interstitial cells of the pineal gland 
This special arrangement may be pivotal to successful 
regeneration of olfactory neurons. The embryonic origin of 
the ONSC is not proved to be placodal(45).   This reaction is 
antigen specific and occurs in the (ONSC) intact cytoplasm 
as well as in association with filaments. This in itself links 
the (ONSC) to astrocytes rather than to Schwann cells. The 
ultra-structural appearance of the ONSC points more 
towards the resemblance of ONSC to astrocytes rather than 
to Schwann cells. The cytoplasm shows diffuse granular 
chromatin filaments, and glycogen granules. The processes 
are long and branched. They lack basement membrane 
around individual cells and collagen between nerve 
fascicles. The above features are shared between the ONSC 
and central astroglial cells, but the two are not identical, for 
example there are less prominent cytoplasmic filaments in 
ONSC. On the other hand the ONSC has a definite 
amorphous cytoplasmic electron density greater than 
astrocytes. The enteric glia bear similar resemblance to 
central astroglia and thus share common features with 
ONSC. When grown in vitero ONSC morphology mimics 
central astroglia, either spidey with fine, elongated 
processes or flat polygonal.  
Myelinated fibres which do not belong to the olfactory 
system are observed in the lamina propria mucosae, (The 
Ophthalmic & maxillary divisions of the trigeminal nerve). 
DEGENERATION and REGENERATION 
in the OLFACTORY SYSTEM. 
An important ongoing revolution in the field of olfaction is 
the unique property in respose to injury of the nature of 
degeneration and regeneration within the olfactory 
neuroepithelium. Unlike the sensory neurons of other major 
systems, those of the olfactory sensory neurons in the 
neuroepithelium have an innate ability to replenish cell loss 
in normal cell cycle or apoaptosis and in response to  cell 
injury.Triated thymidine studies (H3)have previously 
shown that the olfactory sensory neurons reconstitute the 
neuronal population every 30 to 40 days in a normal cell 
turnover or cell cycle.  However the situation appears more 
complex, while some neurons appear long lived others 
shortly die and are replaced from staminal elements in the 
base of the epithelium. Thus, many receptor cells are 
relatively long-lived despite continuous neurogenesis 
within the olfactory epithelium (46) , and both endogenous 
and exogenous factors promote receptor cell death or 
replenishment from progenitor stem cells (5) . Interestingly, 
the receptor cells of older animals appear to live longer 
than those of younger animals. (47)  
Biochemical or mechanical stress appears to induce 
subgroups of stem cells to differentiate into mature 
olfactory receptor cells (48) and differentiated neurons send 
back regulatory signals that inform the neuronal progenitor 
cells as to the numbers of new neurons that need to be 
produced to maintain equilibrium in the cell population (22) 
Importantly, apoptotic cell death has been observed in cells 
representing all stages of regeneration (e.g. in proliferating 
neuronal precursors, immature olfactory receptor neurons, 
and mature olfactory receptor neurons), implying that 
apopotic regulation of neuronal numbers may occur at 
multiple stages of the neuronal lineage. (32) Recently, it has 
been shown that the mitral cells of the bulb may contain 
atrophic substance that helps to maintain the survival of 
olfactory receptor neurons (49) . Chemical factors that inhibit 
(e.g. fibroblast growth factor-2, bone morphogenetic 
proteins, dopamine) or promote (e.g. transforming growth 
factor-alpha, olfactory marker protein) neurogenesis or 
differentiation, or actively produce apoptotic cascades (e.g. 
tumor necrosis factor-alpha, Fas ligand), are currently 
under active investigation (, (50) 1997 (51) , 1999 (52) , (53) , ( 54)). 
It is noteworthy that the olfactory ensheathing cells, which 
form the bundles of axons that make up the fila containing 
the olfactory receptor cell axons that traverse the cribriform 
plate and constitute the outermost layer of the olfactory 
bulb, have been found to have unique properties useful in 
repair or regeneration of both central and peripheral nerves. 
They exhibit, for example, both Schwann cell—like and 
astrocyte-like properties, and have been shown to enhance 
remyelination and axonal conduction in demyelinated 
spinal tract nerves, as well as in the joining of severed rat 
sciatic nerves ( (55) , (56) ). 
PERIPHERAL -CENTRAL JUNCTION. 
In the peripheral nervous system the myelinated nerve 
reaches the central nervous system enwrapped in Schwann 
cells and leave this to enter the astroglial sheath of the 
central nervous system. This is the point beyond which 
regeneration does not occur. The detailed ultra-structure of 
the peripheral- central junction in the olfactory system is 
given below. 
In the olfactory system the neuroglial arrangement is 
peculiar in many ways. The number of axons ensheathed by 
glia is large while each axon is enwrapped in a single 
pocket of glial cell cytoplasm tongue compared to other 
peripheral unmyelinated nerves. This compares well with 
regenerating sciatic nerve (57). In the face of continuous 
turnover the multi-axonal arrangement accounts for the 
newly growing axons being able to slide on along existing 
axonal channels without direct contact with glial 
membranes. On reaching the central nervous system the 
unmyelinated olfactory axons are never handed from 
peripheral Schwann cells to astrocytes, instead they 
terminate in an area devoid of both en-sheathing cells. This, 
the glomerulus of the olfactory bulb, is a no mans land. It 
does presents a highly intricate morphology. The dendrites 
of the second order neurons leave their en-sheathing cells 
and arborize with the incoming axons of the first order 
neurons. The capsule of the glomerulus is formed in such a 
way that the ONSC and astrocytes processes interleave like 
the prongs of a fork. It is likely that these fine ONSC 
processes deliver the in-growing axons through the 
complex arrangement of the CNS astrocytes down to the 
glomerulus. The organelle content of these deep processes 
(dense-core vesicles and Golgi apparatus) suggests a 
secretory function which may possibly involves a 
polypeptide with astrocytes being the target. These 
cytoplasmic features relate ONSC more to  microglia than 
to astrocytes, oligodendrocytes or Schwann cells. 
In this context since microglia originate from mesenchymal 
cells  (monocytes or macrophages) and invade nervous 
tissue later and are known to appear in areas like corpus 
callosum where axonal re-growth is active, this may 
correlate well with neuronal plasticity seen in olfactory 
neurons. To this peculiar arrangement at the glomerular 
level may be attributed the ability of the olfactory axons to 
regenerate either during normal cell-turnover, or after 
injury. 
The possibility is either of three intercellular interactions : 
1-That olfactory axons relate to ONSC and not to 
astrocytes, 
2-Postsynaptic axons relate to astrocytes and not to ONSC, 
OR, 
3-The glomerulus is devoid of sheath cell. 
Central Connections of the Olfactory System. 
The central connections of the olfactory system includes 
the following:- 
1-Olfactory Bulb. 
1-1 The gomerulus of the olfactory bulb. 
1-2 The periglomerular circuits within the bulb itself. 
2-The olfactory cortex. 
This includes:- 
A- The primary olfactory cortex: 
B-The secondary olfactory cortex:  
A- The primary olfactory cortex: 
The prepyriform and the periamygdaloid areas of the 
temporal lobe  represent the primary olfactory cortex. 
This includes the prepyriform and entorhinal neurons 
which receive lateral fibres of the olfactory tract 
terminating into them as third order neurons.  These  third 
order neurons project from here to the dorsomedial nucleus 
of the thalamus, basal forebrain i.e. orbitofrontal cortex, 
and the limbic system.  The prepyriform cortex includes the 
olfactory tract, the uncus, and the anterior part of the 
parahypocampal gyrus. 
A-1 The prepyriform lobe.  This includes the olfactory 
tract, the uncus, and the anterior part of the 
parahypocampal gyrus. 
A-2 The amygdala, and the periamygdaloid complex. 
The mitral cells project fibers which constitute the olfactory 
tract.  Medial fibers of this tract contact the anterior 
olfactory nucleus and the septal area.  Some of the fibers 
project to the contralateral olfactory bulb via the anterior 
perforated commissure. 
Lateral fibers of the tract contact third order neurons of the 
primary olfactory cortex directly( uncus, and anterior part 
of the parahypocamal gyrus). 
Neurons from the lateral olfactory tract project to; (1) the 
amygdala, septal nuclei, pre-pyriform cortex, the entorhinal 
cortex, hippocampus and the subiculum. Many of these 
structures form the limbic system, an ancient region of the 
brain concerned with motivation, emotion and certain kinds 
of memory. The septal nuclei and amygdala contain regions 
known as the “pleasure centres”. The hippocampus is 
concerned with motivational memory (the association of 
certain stimuli with food). (2) Projections are also sent to 
the thalamus and thence to the frontal cortex for 
recognition. There are many forward and backward 
connections between each other these brain centres. 
Mitral cell axons project to the olfactory cortex via the 
olfactory tract. Medial fibers of the tract contact the 
anterior olfactory nucleus and the septal area. Some fibers 
project to the contralateral olfactory bulb via the anterior 
commissure. Lateral fibers contact third-order neurons in 
the primary olfactory cortex (prepyriform and entorhinal 
areas) directly. Third-order neurons send projections to the 
dorsomedial nucleus of the thalamus, the basal forebrain, 
and the limbic system. 
The thalamic connections are thought to serve as a 
conscious mechanism for odor perception, while the 
amygdala and the entorhinal area are limbic system 
components and may be involved in the affective 
components of olfaction. Investigations of regional cerebral 
blood flow have demonstrated a significant increase in the 
amygdaloid nucleus with the introduction of a highly 
aversive odorant stimulus, and this has been associated 
with subjective perceived aversiveness. 
The pyriform lobe includes the olfactory tract, the uncus, 
and the anterior part of the parahippocampal gyrus. The 
prepyriform and the periamygdaloid areas of the temporal 
lobe represent the primary olfactory cortex. The entorhinal 
area is known as the secondary olfactory cortex and is 
included in the pyriform lobe. The olfactory system is the 
only sensory system that has direct cortical projections 
without a thalamic relay nucleus. The dorsomedial nucleus 
of the thalamus receives some olfactory fibers that 
ultimately reach the orbitofrontal cortex. 
The anterior olfactory nucleus receives collateral fibers 
from the olfactory tract and projects to the contralateral 
olfactory bulb and anterior olfactory nucleus via the 
anterior commissure. 
The region of anterior perforated substance contains cells 
that receive direct mitral cell collaterals and input from the 
anterior olfactory nucleus, amygdaloid nucleus, and 
temporal cortex. This area ultimately projects to the stria 
medullaris and the medial forebrain bundle. 
Anterior olfactory nucleus. 
This nucleus receives collateral fibers from the olfactory 
tract and projects to the contralateral olfactory bulb and 
anterior olfactory nucleus via the anterior commissure.  The 
region of the anterior perforated substance contains cells 
that receive direct mitral cell collaterals and input from the 
anterior olfactory nucleus, amygdaloid nucleus, and 
temporal cortex.  This cortical area eventually projects to 
the stria medullaris and the medial forebrain bundle. 
The olfactory cortex is comprises, (a) the anterior olfactory 
nucleus, (b) the prepyriform cortex, (c) the lateral 
entorhinal cortex, (d) the periamygdaloid cortex (a region 
contiguous with the underlying amygdala), and (e) the 
cortical nucleus of the amygdala. 
B-The secondary olfactory cortex: 
B-1 Pyriform lobe. 
B-2 The entorhinal cortex. 
Entorhinal cortex. 
The entorhinal area is known as the secondary olfactory 
cortex and is included in the pyriform lobe of the temporal 
lobe. 
This is present in the orbitofrontal cortex on the inferior 
surface of the frontal lobe of the cerebral hemisphere.  It 
receives direct fibres from the olfactory tract from the 
primary olfactory cortex i.e. the piriform and prepiriform 
cortices via third order neurons. 
Major connections between the primary olfactory cortex 
and the secondary olfactory cortex in the orbitofrontal 
region occur via the mediodorsal nucleus of the thalamus, 
as well as via direct cortico-cortical projections 
fromprorhinal cortex to the posterolateral orbitofrontal 
region. 
Central olfactory coding depends on these central 
connections. 
The Limbic System. 
The limbic system comprises, the hypocampus and 
parahypocampus.  The centres are grouped together in a 
system concerned with emotions or affective component of 
sensory system. Motivational memory depends on sensory 
input from the olfactory organ receptors processed in this 
system and provides information to association of food 
with affect or emotion. 
 
Figure 5. 
Limbic System & Olfactory Cortical Areas. 
1-THE OLFACTORY BULB: 
The olfactory bulbs are paired evaginations protruding 
from the rostroventral telencephalon, receiving the affarent 
input from the three sets of receptors; the olfactory sensory 
neurons,  septal and vomeronasal organs. 
Macroscopically, the bulb is a flattened, oval, grey-reddish, 
mass which lies superior to the medial edge of the orbital 
plate of the frontal bone near the lateral margin of the 
horizontal plate of the ethimoid bone. It is inferior to the 
anterior end of the olfactory sulcus, on the orbital surface 
of the frontal lobe of  the cerebral hemisphere; the gyrus 
rectus is directly superior to the cribriform plate of the 
ethimoid bone. 
The olfactory nerves converge upon the inferior surface of 
the cribriform plate of the ethimoid bone and collect into 
about twelve to twenty bundles, arranged in two groups, 
medial and lateral which pass through foramina or 
fenestrations in the cribriform plate of the ethimoid bone, 
and continue to enter the inferior surface of the bulb more 
on the tip and ventral aspect. The olfactory bulb and tract 
develop as a hollow diverticulum from the telencephalic 
vesicle which protrude from the anteromedial part of the 
primitive cerebral   vesicle. The detailed histology of the 
olfactory bulb as revealed by the light microscope after 
staining with Nissl and Golgi methods, has been known 
since the turn of the last century ( (58) ; (59) ), and this has 
been supplemented using experimental degeneration 
techniques, e.g. ((60) physiological studies, e.g (61) , more 
recently by ultra-structural analysis (62) , and currently by 
electron microscopic (63) , auto-radiographic (64) , and 
immuno-fluorescence technique (65) .  
THE DEVELOPMENT and MATURATION of THE 
OLFACTORY BULB: 
By the time the developing olfactory neurons send their 
axons and reach the developing telencephalic vesicles 
which have evaginated around the eleventh prenatal day, 
the bulb develops from the transitional zone between the 
ventral thicker portion of the cerebral vesicle and the dorsal 
thinner one (63) . The development is under the influence of 
the incoming olfactory axons. The ventral portion is made 
of pseudo-stratified epithelium in which  cells migrate from 
luminal  to surface direction as they divide  mitotically. The 
outer and intermediate group of cells are fewer in number 
and arranged tangentially. While it was believed previously 
that the developing brain induces olfactory mucosal  
development, it is now evident that the reverse is true. The 
olfactory axons reach to the rostral telencephalic vesicles 
and penetrate to the deep ventricular layer of the bulb 
primordium long before the bulb subclass cells develop. 
Electron microscopic (64) , and histo-chemical   studies point 
to the temporal and spatial availability of receptor axons to 
react with developing bulb cells but no communication is 
proved yet. Experimental studies have shown that surgical 
removal of the developing olfactory placodes resulted in 
shrinkage of the developing telencephlalic vesicles and / or 
absence of the olfactory  bulb in amphibians (65) . It appears 
that fibres from the nasal  cavity reach the developing brain 
early and play both trophic and  instructive roles in the 
development of the olfactory bulb(GRAZIADEI (66) and his 
group ). 
The mitral cells are the first population of cells to be 
formed in the histogenesis of olfactory bulb. Their 
differentiation has four stages,  recognized using electron-
microscopic techniques. 
Tufted cells follow next to mitral ones. Many mitral and 
tufted cells form more than one glomerular tuft. 
The inter-neuron population are formed towards the end of 
prenatal period. 
The first synapses formed in the bulb are axodendritic 
endings formed just below the olfactory nerve layer, many 
of  them are formed on dendritic growth cones of the mitral 
cells. 
Later on more synapses are found in deeper supramitral 
layer indicating penetration of olfactory axons during bulb 
development. Dendrodendritic synapses form later. It 
appears that synapse formation follows a rough gradient 
from superficial to deeper layers. The presence of 
reciprocal synapses has been well documented. Hinds (53) , 
studied mitral/granule synaptic pair using serial sections 
electron microscopy and concluded that mitral/graunle cell 
contact was made initially and reciprocating synapses 
formed afterwards. Postnatal maturation of the olfactory 
bulb occurs with a rapid spurt of growth during the first 
two weeks associated with marked increase in bulb size 
followed by a slower rate of growth. Both olfactory nerve 
and glomerular layers increase in size postnatally while 
mitral cell layer thins remarkably. The granule cell and the 
external plexiform layers undergo the largest increase of all 
the cell layers. 
Functionally, maturation with increased specificity 
manifested in the form of topographical processing of 
stimuli arriving to the bulb is reflected in clear 
specialization of glomeruli serving to encode information 
for specific  odours. (67) studied patterns of radio-labelled 2- 
deoxyglucose focal uptake. Restricted number of glomeruli 
were labelled in the newborn animal. However with age 
and maturation there was an increase in the number of 
labelled glomeruli in each focus suggesting an increased 
resolution and hence specificity. 
The bulb comprises two subdivisions, the main olfactory 
bulb (MOB) which receives inputs from the first two sets of 
receptors and the accessory olfactory bulb (AOB) which 
receives input from the vomeronasal organ. They both have 
similar organization. The bulb is organized in layers. 
The MOB, receives incoming olfactory axons which en-
sheathes the outer layer forming the olfactory nerve layer.   
These arborize in the subjacent layer forming the olfactory 
synapses with dendritic tree from different cell types which 
form the glomerular  pattern characterizing the second 
layer. The synapses are formed with the mitral cells of the 
olfactory gomeruli, both mitral and tufted cells form a relay 
station and send signals to both higher centres of the brain 
as well as to other areas of the bulb. The mitral cells are the 
largest of the bulb cells and their perikaria define the fourth 
deepest layer of the bulb. Tufted cells are present scattered 
in the glomeular layer and the area between the glomeruli 
and the mitral cell layer, the external plexiform layer. Two 
sets of inter-neurons modify input information from the 
periphery.  The first with their cell bodies lying in between 
the glomeruli are called the periglomerular cells. They have 
extensive processes which surround the glomeruli. The 
second set of inter-neurons, the granule cells are numerous 
and present both in the mitral cell layer and   deeper to 
mitral cell layer. The thin internal plexiform layer separates 
the mitral layer from the granule cell layer. The granule 
cells have no axons and send their apical processes to 
synapse with secondary dendrites of both mitral and tufted 
cells in the external plexiform layer. These circuits together 
with the activity on the periglomerular cells provide 
inhibitory action on incoming information to the relay 
neurons. The situation is akin to the organization of lateral 
inhibition and columnar organization in the retina. In 
addition to the above-mentioned cell types there are short 
axon neurons and several other types of inter-neurons. 
Higher brain centres send fibres to the bulb which affect the 
inter-neuron activity. 
The AOB has a similar structure with less lamellation than 
the MOB. 
 
ULTRASTRUCTURE OF THE OLFACTORY BULB. 
Cajal (59) gave a classical description of the olfactory bulb 
layers, with its cellular components which include: 
1-The large characteristically shaped mitral cells, so-called 
because they resemble the shape of a bishop’s mitre; 
2- The internal, middle and external tufted cells, 
analogous to but smaller than the mitral cells; 
3-Numerous small round or stellate internal granule  cells; 
4- Various types of small periglomerular cells distributed   
around, within, and deep to the synaptic glomeruli. 
 
The bulb  shows a well laminated arrangement of seven 
layers: the peripheral neuronal plexus, the glomerular layer, 
the external  plexiform layer, the mitral cells layer, the 
inner plexiform layer , the granular layer and the 
periventricular layer.  
 
 
Figure 6. 
Internal Neuronal Organization of the Olfactory Bulb. 
A detailed description of these is given below: 
1-Peripheral neural plexus. - 
The incoming unmyelinated olfactory axon bundles are 
mixed up in a mesh wire fashion which en-sheathes the 
olfactory bulb thicker on the anterior and ventral surfaces 
and thinner on the dorsal surface. These fibres form 
numerous synaptic junctions with other fibres but never 
with each other. This ensures that   the olfactory message 
remains un-destroyed and may help in functional grouping 
of analogous receptor axons towards the same glomeruli. 
 
2-Glomerular layer. 
The olfactory glomeruli aindividualized spherical 
formations, 100-200 microns in diameter arranged in 
closely packed sometimes double layers. The glomeruli 
show empty rounded structures on cellular staining because 
they contain no cell soma, only a dense agglomeration of 
fine fibres and synaptic  connections. This feature 
characterizes olfactory glomeruli not only in vertebrate 
series but insects as well. 
Afferent fibres to the glomeruli are essentially axons from 
the olfactory receptor neurons which are fine fibres and 
branches numerously to fill the entire glomerular space and 
synapse there within. These synapses are centripetal and 
appear to be cholinergic  on examination of dimension and 
location of  synaptic vesicles . There are also axonal 
branches from short range interglomerular neurons. 
Efferent fibres are the main dendrites of mitral, and tufted 
cells described by  (62) and named by him, together with 
short range horizontal neurons. 
The main dendritic processes of the mitral cells form a 
dense terminal bunch filling the whole glomerular space 
and bear countless synaptic buttons, which are mainly 
olfactory nerve endings. Some of them are from short range 
inter-neurons and centrifugal granule processes and could 
be adrenergic according to (68) who found monoaminoxidase 
activity in the glomeruli of the squirrel monkey. 
The inter-neurons are arranged horizontally in between  
glomeruli with short range axons and dendrites 
interconnecting glomeruli in a dense network. 
Electrophysiological studies (69) have clearly demonstrated 
that these inter-neurons are inhibitory and sub-serve 
interglomerular reciprocal inhibition. 
3-External plexiform layer. 
4-Mitral cells layer. 
 
THE MITRAL CELLS: 
These are the more conspicuous cellular components of the 
bulb. They are arranged in two or three densely packed 
arrays. 
The cell body is 20 microns in diameter, has a single main 
process larger than the other ones which runs un-branched 
to end in a single glomerulus by forming a dense mass of 
terminal branches. Mitral cells are generally connected to 
more than one glomerulus. Emerging from the initial part 
of the main dendrite, or the lateral side of the mitral cell are 
two or three secondary dendrites, shorter than the primary 
one which branch within the outer plexiform layer but 
never extend to the glomeruli. 
A thick axon emerges from the deep pole of the cell body, 
reaches the inner plexiform layer and then passes caudally 
to form the lateral olfactory tract. It gives off collateral, 
some of them being recurrent and directed towards the 
original and neighbouring mitral and tufted cells dendrites 
in the outer  plexiform layer. 
The tufted cells are interposed between the glomeruli and 
the mitral cells and are often connected to more than one 
glomerulus by their tenuous axons which follow a route 
parallel to that of the mitral cell fibres, (70)  According to 
their shape, dimensions, location, centripetal direction and 
long range connections the mitral cells are homologous to 
the pyramidal cells of more elaborate cortices. 
5-Inner plexiform layer. 
6-Granular layer. 
The granule cell layer occupies about half the depth of the 
bulb and contains the greatest number of neurons. The 
typical cell the, granule has a rather small, round body, and 
bears several  dendrites but no axon. In stead, one of the 
dendrites, the external  process crosses the mitral cells layer 
and ramifies in the outer  plexiform layer making numerous 
synaptic contacts  with the lateral dendrites of the mitral 
cell (71) ,(72) demonstrated that all granule dendrites are 
postsynaptic to axon endings, while the sole external 
dendrite is both pre-synaptic and postsynaptic to mitral cell 
dendrites thereby making the cell truly polarized in the 
centrifugal direction. Despite all these morphological 
characteristics the external dendritic process remains 
categorically a dendrite by virtue of its irregular contours 
with the numerous spines and free ribosomes. 
In addition to granule cells, this layer contains many short 
range inter-neurons whose axons and dendritic processes 
remain within the limits of the granular layer together with 
numerous passing fibres generally directed rostrocaudally. 
These fibres are either large and myelinated or fine and 
unmyelinated efferents as well as afferents and make 
connections throughout all the bulbar structures  including 
the glomerular layer. 
Mitral cell axons project to the olfactory cortex via the 
olfactory tract. Medial fibers of the tract contact the 
anterior olfactory nucleus and the septal area. Some fibers 
project to the contralateral olfactory bulb via the anterior 
commissure. Lateral fibers contact third-order neurons in 
the primary olfactory cortex (prepyriform and entorhinal 
areas) directly. Third-order neurons send projections to the 
dorsomedial nucleus of the thalamus, the basal forebrain, 
and the limbic system. 
The thalamic connections are thought to serve as a 
conscious mechanism for odor perception, while the 
amygdala and the entorhinal area are limbic system 
components and may be involved in the affective 
components of olfaction. Investigations of regional cerebral 
blood flow have demonstrated a significant increase in the 
amygdaloid nucleus with the introduction of a highly 
aversive odorant stimulus, and this has been associated 
with subjective perceived aversiveness. 
The pyriform lobe includes the olfactory tract, the uncus, 
and the anterior part of the parahippocampal gyrus. The 
prepyriform and the periamygdaloid areas of the temporal 
lobe represent the primary olfactory cortex. The entorhinal 
area is known as the secondary olfactory cortex and is 
included in the pyriform lobe. The olfactory system is the 
only sensory system that has direct cortical projections 
without a thalamic relay nucleus. The dorsomedial nucleus 
of the thalamus receives some olfactory fibers that 
ultimately reach the orbitofrontal cortex. 
The anterior olfactory nucleus receives collateral fibers 
from the olfactory tract and projects to the contralateral 
olfactory bulb and anterior olfactory nucleus via the 
anterior commissure. 
The region of anterior perforated substance contains cells 
that receive direct mitral cell collaterals and input from the 
anterior olfactory nucleus, amygdaloid nucleus, and 
temporal cortex. This area ultimately projects to the stria 
medullaris and the medial forebrain bundle. 
7-Periventricular layer. 
 
The accessory olfactory bulb  AOB. 
This structure receives input from the vomeronasal organ 
and appears to be well developed in lower mammals and 
absent in primates and man. It lies embedded in the dorsal 
aspect of the MOB and is analogous in structure to the 
MOB with simpler organization. Vomeronasal axons end in 
the glomeruli by rather few ramifications; instead of the 
mitral cells there are small star-like cells with dendrites 
connected to more than one glomerulus whose axons with 
those of the mitral cells form the medial olfactory tract. The 
granular layer is poorly represented by very small granules 
with thin external processes. It receives a small contingent 
of the same centrifugal fibres like the MOB  as the main 
olfactory formation. 
This formation of an accessory unit is not clearly 
understood even in reptiles where it is well developed. It 
could be an accessory detector sensing the liquid content of 
the buccal cavity as a compliment to taste. (73) 
 
 COMMENT. 
 
The neuron is said to be perinial i.e. once maturity is 
reached this marks the point beyond which it does not 
regenerate if injured.  However olfactory sensory neurons 
are exceptional to this rule.  From staminal germinal 
elements in the base of the neuroepithelium namely the 
globose basal cell, complete reconstitution of the neurons is 
possible. 
Olfaction the sense of smell is an old sensory modality, one 
of the two chemical senses.  Smell is essential for 
exploration of the environment to find food, shelter, mates 
and of course surveilence of enemies. 
The olfactory sensory neurons a typical bipolar sensory 
neuron with a peripheral process the dendrite, and a central 
process the axon which establish direct central contact with 
the primary olfactory cortex without a relay station.  The 
unique property of the olfactory sensory neuron of 
regenerative ability after injury incidental or accidental 
remains  the only one in the central nervous system and is 
continued throughout adult life.  
The neuroepithelium remains in a peripheral position in the 
nasal mucus membrane extending a central process, the 
dendrite into the mucus air interphase over lying the 
surface.  The dendrite carry cilia which lie embedded into 
the mucus and receive odorant molecules dissolved in the 
liquid environment.  The compound is transported across 
the cell membrane by a transport protein, the G-olf protein 
which triggers a complex enzyme cascade reaction.  The 
latter triggers an action potential which becomes a 
propagated spike.  The summation of the action potential of 
all the sensory axons constitute the olfactory signal.  The 
mucus helps provide a liquid environment for odour 
detection and  transport and at the same time washes out  
the odour after it is perceived.       
Mechanism of Olfaction: 
The turbulent air flow through the nose(250ml/sec.) makes 
only a small fraction of the inspired air in direct contact 
with the neuroepithelium.  However when one breathes 
deeply, i.e. in the act of a sniff, the speed and flow of the 
air increases allowing more exposure of the respiratory 
epithelium.  During a sniff the inspired air comes in close 
contact with the neuroepithelium unlike normal resting 
breathing.(Figure 1). 
On the contrary, when one catches cold, the thick mucus so 
produced curtails the narrow openings of the olfactory 
membrane and masks smell.  The olfactory pigment which 
characterizes the olfactory membrane plays a major role in 
the mechanism of olfaction, since albino animals lack the 
sense of smell. 
On inhalation most of the chemicals are dissoloved in the 
mucus overlying the epithelium. The olfactory vesiclle with 
its dendrite carrying the cilia is the site of transduction of 
the olfactory sensory impulse. Odorants dissolved in the 
mucus bind to specific transport protein G-olf proteins  on 
these cilia plasma membrane.  This reaction heralds the 
transduction process. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 
Central Neural Circuits of the Olfactory system. 
Transduction Mechanisms 
During the past decade there have been monumental strides 
in understanding the initial events of olfactory transduction, 
beginning with the identification of a large gene family that 
likely encodes olfactory receptors (74) . Although a given 
receptor cell seems to express only one type of receptor 
derived from a single allele, each cell is 
electrophysiologically responsive to a wide, but 
circumscribed, range of stimuli (75) . This implies that a 
single receptor accepts a range of molecular entities, and 
that coding occurs via a complex cross-fiber patterning of 
responses. Odorant binding leads to an inwardly 
depolarizing current within the cilia of the bipolar receptor 
cells that ultimately triggers the action potentials that 
collectively provide the neural code that is deciphered by 
higher brain centers. 
Most, if not all, of the olfactory receptor proteins are linked 
to the stimulatory guanine nucleotide-binding protein 
[G.sub.olf] (76) . When stimulated, they activate the enzyme 
adenylate cyclase to produce the second messenger 
adenosine monophosphate (cAMP) (77) . [G.sub.olf]-induced 
cAMP diffuses through the cell and activates cellular 
depolarization via the opening of cyclic-nucleotide-gated 
ionic channels and [Ca.sup.2+]-dependent [Cl.sup.-] or 
[K.sup.+] channels (78) . The amount of adenylate cyclase 
activity produced by various odorants in a frog ciliary 
preparation (79) is positively correlated with the magnitude 
of the frog’s electro-olfactogram (a surface potential 
associated with the number of receptors activated (80) , as 
well as with the perceived intensity of these same odorants 
to humans (81) . Some odorants also activate cyclic 
guanosine monophosphate (cGMP), which is believed to 
play a role in the modulation of the sensitivity of olfactory 
receptor neurons, such as during adaptation (82) . Although G 
proteins other than [G.sub.olf] (e.g. [G.sub.i2] and 
[G.sub.o]) have been identified in olfactory receptor cells, 
they appear not to be involved in early transduction events, 
likely assisting in such processes as axonal signal 
propagation, axon sorting, and target innervation (83) . 
A significant development in understanding the nature of 
olfactory transduction is the functional characterization of 
odorant receptors themselves. Several approaches have 
been employed. Zhao et al (84) used an adenovirus-mediated 
gene transfer procedure to increase the expression of a 
specific receptor gene in an increased number of receptor 
neurons in the rat olfactory epithelium, demonstrating 
ligand-specific increases in electro-olfactogram amplitude 
(85) employed a polymerase chain reaction strategy to 
generate an olfactory receptor library from which cloned 
receptors were screened for odorant-induced 
responsiveness to a panel of odorants, as measured by an 
assay sensitive to intracellular [Ca.sup.2+] changes. Several 
receptor types with ligand specificity were found, including 
one differentially sensitive to the (-) and (+) stereoisomers 
of citronella. 
Odorants dissolved in the mucus bind to specific receptor 
proteins on these cilia.  This reaction heralds the 
transduction process (3) .  This protein the G-protein once 
bound to the odorant triggers on ithe activation of Adenyl 
cyclase, the enzyme that catalizes the converstion reaction 
of Adenosine Triphosphate, ATP into Cyclic Adenosine 
Monophosphate, or CAMP; a second messenger that binds 
actively to action potential channels in the plasma 
membrane of cilia. 
  
 Odorant receptor. A G-protein-
coupled receptor with 7
transmembrane domains.
Domains 3-5 are highly variable
between the 350 or so 
human isoforms of this gene and
are probably the odorant binding
site. The C-terminus and the
intracellular loops I2 and I3
function as G-protein binding
domains. 
 
Figure 8 :  
Odorant receptor neurons (ORNs). 
16- An odorant receptor (7-transmembrane G-protein-
coupled receptor). 
This causes channels to open and calcium ions influx into 
the cell.  Chloride ions will at the same time leave outside 
the cell through the same channels.  This causes 
depolarization of the cilia membrane(membrane becomes 
more positive) and thus an action potential is created.  The 
summation of the action potentials of all the axons 
constitute the nerve impulse conducted in the filia 
olfactoria, Cranial Nerve  (29) . 
 
 
 
 
 
 
 
 
 
Figure 8 
Cilium complex membrane transduction process. 
 
 
Olfaction and EEG 
Electroencephalography (EEG) has been used to study 
olfaction. Fragrance manufacturers have for many years 
been trying to demonstrate that certain smells are relaxing. 
This can, in theory, be done using EEG. One of the brain-
waves measured by EEG is called the “alpha-wave”. It has 
a particular frequency of 8-12 Hz (or waves per sec). 
Increased alpha-wave activity in your brain is a sign of 
relaxation (more correctly speaking - a lower state of 
arousal, since you produce them when you are drowsy and 
just before you fall asleep). 
Olfactory hallucinations coupled with feelings of deja vu 
occur in “““““uncinate seizures”””””, a form of temporal 
lobe epilepsy, and sometimes there is a generalised 
intensification of smell. The uncus, phylogenetically part of 
the “““““smell-brain””””” (or rhinencephalon), is 
functionally associated with the whole limbic system 
(which includes such brain areas as the amygdala, 
hippocampus, pyriforn cortex and hypothalamus), which is 
increasingly recognised to be crucial in determining and 
regulating the entire emotional ‘‘‘‘‘tone’’’’’. Excitation of 
this, by whatever means, produces heightened 
emotionalism and an intensification of the senses. 
Development of Standardized Psychophysical Tests of 
Human Olfactory Function 
 
Advances in the technology of psychophysical 
measurement and the proliferation of easy-to-use tests of 
olfactory function have significantly increased our 
understanding of the sense of smell in humans, including 
the functional influences of such factors as age, gender, 
exposure to toxic agents, and various disease states. During 
the past decade, standardized and practical psychophysical 
tests have become widely employed, with several becoming 
commercially available. Such tests include the 40-odor 
University of Pennsylvania Smell Identification Test 
(UPSIT; known commercially as the Smell Identification 
Test[TM] or SIT) (86) , the 12-odor Brief-Smell 
Identification Test[TM] (also known as the Cross-Cultural 
Smell Identification Test[TM])   , the 3-odor Pocket Smell 
Test[TM] (87) , the 12-item Odor Memory Test[TM] (88) , the 
Odor Confusion Matrix Test (89) , the San Diego Odor 
Identification Test (90) , the Scandinavian Odor Identification 
Test (91) , the “Sniff ‘n Sticks” test (92) , the Viennese 
Olfactory Test Battery (93) , an 8-odor identification test (94) , 
and several tests of odor threshold, including the T&T 
olfactometer test (95) and the Smell Threshold Test[TM] (96) . 
Of these tests, the UPSIT has proved to be the most 
popular, having been administered to ~180,000 people in 
Europe and North America. This highly reliable (test-retest 
r = 0.94) (97) , self-administered microencapsulated odorant 
test employs norms based upon nearly 4000 persons, and is 
available in English, Spanish, French, and German 
versions. The UPSIT was the impetus for a massive smell 
function survey sent to nearly 11 million subscribers of 
National Geographic in 1986 (98) . 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 
Air Flow into the nasal cavity. a-Breathing in a sniff, b- 
& c- Breathing in and out in normal breathing. 
Standardized smell tests are used nowadays in the early 
detection of some neurodegenerative diseases and in the 
follow up of cases.  During the last decade and due to 
advances in quantum studies in olfaction methods are now 
produced to infer reliable clinical correlates from simple 
olfactory dysfunction.  
Clinical studies employing such methodology during this 
period have found--to one degree or another--decreased 
smell function, relative to matched controls, in a wide 
variety of diseases and conditions, as listed in Table 1. It is 
noteworthy that such tests have also found that a number of 
disorders are not associated with meaningful smell losses, 
including corticobasal degeneration, depression, panic 
disorder, progressive supra-nuclear palsy, 1-methyl-4-
phenyl-1, 2,3,6-tetrahydropyridine (MPTP)-induced 
parkinsonism, essential tremor, and multiple chemical 
hypersensitivity. Such findings suggest that smell 
dysfunction can aid in differential diagnosis among several 
neurodegenerative disorders, especially those that present 
with clinical signs similar to those of Alzheimer's disease, 
Parkinson's disease, and schizophrenia. McCaffrey have 
recently shown that even the 3-item Pocket Smell Test[TM] 
discriminates better between patients with Alzheimer's 
disease and major affective disorder (i.e. depression) than 
the widely used 30-item Mini-Mental State Examination. 
 
TABLE 1 Examples of medical conditions or disorders 
associated with olfactory dysfunction, as measured by 
modern quantitative tests of olfactory function, particularly 
the UPSIT 
Medical condition                     References 
Alcoholism and drug abuse         DiTraglia et al 1991, 
                                                     Kesslak et al 1991, 
Amyotrophic lateral sclerosis     Sajjadian et al 1994, 
(ALS)                                            Hawkes et al 1998 
Attention deficit/hyperactivity   Gansler et al 1998 
disorders 
 
Alzheimer's disease               Corwin & Serby 1985, 
                                               Doty et al 1987, 
                                               Murphy et al 1990, 
                                                Kesslak et al 1988, 
                                             Mesholam et al 1999,  
                                               Graves et al 1999 
Anorexia nervosa--severe stage    Fedoroff et al 1995 
Breast cancer-estrogen receptor   Lehrer et al 1985 
positive 
Chemical exposure                 Schwartz et al 1989, 1990, 
                                                Hirsch & Zavala 1999 
Chronic obstructive pulmonary     Dewan et al 1990 
disease 
Cystic fibrosis                   Weiffenbach & McCarthy 1984 
Down's syndrome                   Warner et al 1988, 
                                                McKeown et al 1996, 
                                                Murphy & Jinich 1996 
Epilepsy and temporal lobe        Martinez et al 1993, 
resection                                     West et al 1993 
Guam ALS/PD/dementia              Doty et al 1991, 
                                                   Ahlskog et al 1998 
Head trauma                       Deems et al 1991, 
                                          Duncan & Seiden 1995, 
                                            Doty et al 1997c, 
                                           Yousem et al 1999a 
Human immunodeficiency virus      Brody et al 1991, 
(HIV)                                             Razani et al 1996, 
                                                      Homung et al 1999 
Huntington's disease              Bylsma et al 1997, 
                                              Moberg & Doty 1997 
Kallmann's syndrome               Yousem et al 1993 
Korsakoff's psychosis             Mair et al 1986 
Multiple sclerosis (MS)     Doty et al 1997b, 1998, 1999; 
                                                      Hawkes et al 1997b 
Multiple system atrophy           Wenning et al 1995 
Nasopharyngeal carcinoma          Hua et al 1999 
Parkinson's disease               Doty et al 1988b, 1992b, 
1995a; 
                                                      Hawkes et al 1997a 
                                                     Mesholam et al 1998 
 
Pseudoparahypothyroidism          Doty et al 1997b 
Psychopathy                                  Lapierre et al 1995 
Restless leg syndrome                      Adler et al 1998 
Rhinosinusitis                               Akerlaud et al 1995, 
                                                     Apter et al 1995, 
                                                      Cowart et al 1993, 
                                                       Deems et al 1991, 
                                                      Downey et al 1996, 
                                                     Golding-Wood et al 1996, 
                                                      Lane et al 1996 
Schizophrenia           Moberg et al 1997; Purdon 1998; 
                                  Striebel et al 1999; 
                                  Kopala et al 1995, 1998; 
                                  Seidman et al 1991; 
                                  Stedman & Clair 1998 
Schizophrenia-like affective      Striebel et al 1999 
disorders 
Schizotypy                               Park & Schoppe 1997 
Seasonal affective disorder       Postolache et al 1999 
Sjogren's syndrome                Weiffenbach et al 1995 
Surgical/radiological               Friedman et al 1999, 
interventions                          Hua et al 1999, 
                                              Golding-Wood et al 1996, 
                                              el Naggar et al 1995 
The ability to quantify olfactory function using the 
aforementioned tests, along with advances in in vivo 
medical imaging, has allowed for a better understanding of 
the underlying reasons for olfactory loss in some patients. 
We now know, for example, that congenitally anosmic 
individuals typically lack, or have markedly deformed, 
olfactory bulbs and stalks, as determined from MRI studies. 
Furthermore, patients who have head trauma-related smell 
loss typically exhibit contusions of the frontal and temporal 
poles of the brain, as well as a decrease in the size of their 
olfactory, bulbs and tracts. The latter finding may reflect 
mitigation of trophic factors from the olfactory receptor 
neurons, which are often sheared off or otherwise damaged 
in head trauma cases. The olfactory dysfunction associated 
with chronic alcoholism has been found to be correlated 
with MRI-determined (a) increased cortical and ventricular 
cerebral spinal fluid volumes and (b) reduced volumes of 
the thalamus and of cortical and subcortical gray matter 
(Shear et al 1992). In multiple sclerosis, a strong inverse 
correlation (r = -0.94) has been observed between UPSIT 
scores and the number of MRI-determined plaques within 
central brain structures associated with olfactory processing 
(inferior frontal and temporal lobes)--a correlation not 
present when plaque numbers in other brain regions were 
similarly examined. A 1:1 association was recently 
observed, longitudinally, between UPSIT scores and the 
remission and exacerbation of such plaque numbers in each 
of 5 multiple sclerosis patients tested over an 18- to 20-
month period, with greater numbers of plaques reflecting 
lower UPSIT scores. Hence, discrepant findings among 
studies evaluating olfactory function in multiple sclerosis 
patients likely reflects the waxing and waning, over time, 
of plaques in central olfactory structures. 
Several studies suggest that smell loss--particularly in 
conjunction with other risk factors such as the APOE-
[Epsilon]4 allele--may be a predictor of subsequent 
development of Alzheimer's disease, or at least of cognitive 
dysfunction, in older persons. Furthermore, there is 
circumstantial evidence that estrogen therapy in later life 
may protect against or decrease such loss in a manner 
perhaps analogous to its effects on some measures of 
cognitive function. In a recent epidemiological study of 
1604 nondemented, community-dwelling senior citizens 65 
years of age or older, scores on the 12-item Brief-Smell 
Identification Test[TM] were a better predictor of cognitive 
decline over a subsequent 2-year period than scores on a 
global cognitive test. Persons who were anosmic and 
possessed at least one APOE-[Epsilon]4 allele had 4.9 
times the risk of having cognitive decline than normosmic 
persons not possessing this allele (i.e. an odds ratio of 4.9). 
This is in contrast to the 1.23 times greater risk for 
cognitive decline in normosmic individuals possessing at 
least one such APOE allele. When the data were stratified 
by sex, women who were anosmic and possessed at least 
one APOE-[Epsilon]4 allele had an odds ratio of 9.71, 
compared to an odds ratio of 1.90 for women who were 
normosmic and possessed at least one allele. The 
corresponding odds ratios for men were 3.18 and 0.67, 
respectively. The authors noted, "Therefore, a simple test of 
olfaction may be more useful in clinical practice to predict 
cognitive decline than a test of global cognition." 
Prospectus for future research. 
The olfactory system is unique in the following aspects;- 
(1) A peripherally situated receptor in the pseudostratified 
neuroepithelium containing nonmyelinated bipolar neurons 
destined for the detection of odorants.  These first order 
neurons send their central axons to innervate the cerebral 
cortex directly without relay. 
(2) It is the only cranial nerve which regenerates in normal 
programmed cell death or cell apoptosis or turnover and 
also after cell injury or necrosis.  This is possible due to the 
presence of staminal elements in the base of the 
neuroepithelium, the basal cells which are actually the 
progenitor cell for the all the cell populations in the 
neuroepithelium.   
(3) Chemical sense of olfaction remains crucial for survival 
in an environment of predators, food fetching, and mate 
hunting.  This is the case in submammalian vertebrates.  In 
humans however, higher cerebral functions are added to 
this including emotion, learning and memory formation, 
and complex neuro-endocrine functions.  Of late  even 
cerebellar motor coordination function is related to 
olfactory sensory input.  
(4) Olfaction is complementary to taste, both being 
chemical senses, in fact flavor of food is due to olfactory 
sensation of the food tasted in the tongue. 
(5) Olfactory dysfunction is seen as an early sign in 
neurodegenerative diseases like schizophrenia, Alzheimer 
disease, temporal lobe epilepsy.  
The detailed molecular events of regenerative phenomena, 
and central olfactory functions in relation to emotions, 
reproduction, and neurodegenerative disease e.g. Alzheimer 
or Parkinsonism need to be elucidated. 
Olfaction as an early indicator of neurodegenerative disease 
can be used as a high index of suspicion in diagnosis, and 
subsequent follow up of cases. 
Olfaction as an index of suspicion in the diagnosis of some 
clinical conditions is now on the increase following 
advances in quantum studies of psychophysical 
measurements and their application in clinical tests with 
reliable results correlated to the patient condition and 
subsequent follow up.  Of these Parkinsonism, Alzheimer’s 
senile dementia, and Schizophrenia are good examples. 
 
On the basis of citation which has been mentioned above of 
the olfactory system it is proposed to further extend this 
study for a Ph.D. degree adopting the follosing 
methodology. 
1- Electron microscopy. 
2- Immunohistochemistry. 
These should help detail the neuroepithelium 
constituents and study their peculiar qualities which 
presents the olfactory system as a model for the study of 
neuronal plasticity. 
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